We reported previously that a 1.9-kb 5h-fragment from the human COL1A1 gene drove transcription of a promoterless human COL2A1 gene in tissues of transgenic mice that normally express the COL1A1 but not the COL2A1 gene. In the present study, we have established that the aberrant transcription of the COL2A1 gene did not produce any gross or microscopic phenotype, because the transcripts were not efficiently translated in cells that do not normally express the COL2A1 gene. In two lines of transgenic mice, the mRNA levels from the transgene were 30 % to 45 % of the mRNA for the proα1(I) chain of type I procollagen, the most abundant mRNA in the same tissues. Analysis of collagens extracted from skin of the transgenic mice indicated that triple-helical type II collagen, with the normal
INTRODUCTION
Type II collagen is similar in structure to type I collagen, but differs in tissue distribution and the morphology of the fibres formed [1, 2] . Type II collagen is found primarily in hyaline cartilage, where it is assembled into thin fibrils. The fibrils are organized into arcade-like structures that are distended by the presence of proteoglycans and that make the cartilage resilient to compression. Type I collagen is found in a large number of noncartilaginous connective tissues such as bone, skin and tendon. The fibrils are thicker than the fibrils of type II collagen, and they frequently aggregated into large fibres that have impressive tensile strength.
We have described previously transgenic mice expressing a hybrid COL1A1-COL2A1 construct in which a 1.9-kb 5h-fragment of the COL1A1 gene, containing only 476 bp of the promoter, was linked to a promoterless 29.5-kb fragment of the COL2A1 gene for human type II procollagen [3] . High levels of mRNA from the hybrid construct were present in tissues that normally synthesize type I but not type II procollagen and collagen. Also, processed proα1(II) chains and cross-linked α1(II) chains of type II collagen were detected in the same tissues by a highly sensitive Western-blot assay. In the present work, we prepared two additional lines of mice expressing the COL1A1-COL2A1 hybrid construct and determined whether the aberrant expression of the COL2A1 gene produces a phenotype. The results demonstrated that no phenotype was produced, because the mRNA for type II procollagen was not efficiently translated in cells containing high levels of the homologous mRNAs for both type I and type II procollagen.
pattern of cyanogen bromide peptides, was synthesized from the transgene. However, the level of type II collagen in skin was less than 2 % of the level of type I collagen. Hybridization in situ indicated the presence of mRNA for both COL2A1 and COL1A1 in the same cells. Immunofluorescence staining for type II collagen, however, was negative in the same tissues. The results, therefore, indicated that many mesenchymal cells in the transgenic mice had high steady-state levels of the homologous mRNAs for type I and type II procollagen, but only the mRNAs for type I procollagen were efficiently translated.
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MATERIALS AND METHODS

Gene constructs and transgenic mice
The COL1A1-COL2A1 hybrid construct was prepared as described previously from fragments of both genes [4] . The final construct contained 476 bp of the promoter, the first exon and most of the first intron of the COL1A1 gene, extending up to j1445 bp. The COL1A1 fragment was linked to 29.5 kb of sequences of the human COL2A1 gene that extended from the 3h-end of the second intron of the gene to about 3.5 kb beyond the major polyadenylation signal of the gene. The construct was used to prepare transgenic mice in inbred FVB\N males and females [3] . Founder mice were identified by PCR assays of toe extracts and a total of four lines of mice were prepared (BSG-1, BSG-2, BSG-3 and BSG-4). The mice were propagated by breeding into the same FVB\N strain.
Quantitative reverse transcription (RT)-PCR assay for expression of the transgene
For RT, total RNA was extracted from skin or bone samples (Rapid Total RNA Isolation Kit ; 5 Prime 3 Prime Inc., Boulder, CO, U.S.A.). RT was carried out using 2.0 µg of total RNA and the primers BS94 and BS92 [3] . For PCR amplification, three primers were used. The 5h-primer was $#P-labelled and directed to identical sequences in exon 1 of the human COL1A1 and mouse Col1a1 genes (BS84). One 3h-primer was directed to sequences in exon 2 of the mouse Col1a1 gene (BS81), and a second 3h-primer was directed to sequences in exon 6 of the human COL2A1 gene, upstream of the primers used for RT (BS93). Conditions for PCR were 94 mC for 1 min, 60 mC for 2 min and 72 mC for 20 s, for a total of 16 cycles. The products were separated by electrophoresis in an 8 % (w\v) polyacrylamide gel containing 2 M urea. The gel was dried and exposed to X-ray film.
Hybridization of mRNA in situ
Two probes were used for in situ hybridization. The first one was a 766 bp fragment [5] subcloned in a plasmid (p-Bluescript KS) and derived from a human α1(I) collagen cDNA (Hf-404) encoding the CNBr peptide CB7 (residues 524 to 974). The second probe was a 405 bp HaeIII\DraI fragment subcloned in the same plasmid and derived from a mouse cDNA coding for the 3h untranslated region of the α1(II) procollagen mRNA [6] . To synthesize the $&S-labelled cRNA probes, T3 or T7 RNA polymerase was used.
In situ hybridization was carried out as described by Le Guellec et al. for use of the same cDNA probes [7] . Tissue sections were cleared in two washes of xylene, rinsed twice in absolute ethanol and air dried. After washing in PBS for 5 min, sections were treated with 5 µg\ml proteinase K for 30 min at 37 mC and rinsed twice in PBS. Sections were prehybridized for 1 h at room temperature in 4iSSC (1iSSC l 0.15 M NaCl\ 15 mM sodium citrate), 1iDenhardt's solution and 125 µg\ml salmon sperm DNA. Hybridization was performed for 16 h at 50 mC in 50% deionized formamide, 4iSSC, 10 % (w\v) dextran sulphate, 1iDenhardt's solution, 125 µg\ml salmon sperm DNA and 10 mM dithiothreitol in the presence of 10) c.p.m.\ml radiolabelled cRNA probe. The sections were washed in 50 % formamide in 2iSSC. Mismatched probes were digested by incubating the sections with 10 µg\ml RNase A in 1iSSC for 30 min at 37 mC. The slides were rinsed for 30 min each at 50 mC in 1iSSC, 0.5iSSC, 0.25iSSC and 0.1iSSC. Sections were then dehydrated, dipped in Ilford-K5 Nuclear Track emulsion (Ilford, Paramus, NJ, U.S.A.) and exposed for approx. 8 days at 4 mC.
Electron microscopy
Tissue samples from control and BSG-2 transgenic mouse lines were fixed in 2 % (w\v) glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) for 2 h at room temperature, post-fixed in buffered osmium tetroxide and embedded in Spurr's epoxy resin after ethanol dehydration. Ultra-thin sections were collected on formvar-coated copper grids, contrasted in uranyl acetate and lead citrate and viewed by transmission electron microscopy (Philips CM120) at the Centre de Microscopie Electronique Applique! e a ' la Biologie et a ' la Ge! ologie, Claude Bernard University, Lyon, France.
Immunofluorescence staining
Tissue samples from control and BSG-2 transgenic mouse lines were fixed in 4 % paraformaldehyde in PBS (pH 7.2) for 24 h and washed with PBS for 24 h before freezing. Cryosections on coated glass slides [8] were air dried for 30 min before PBS rehydration. To partially disrupt the matrix of proteoglycans, sections of xiphoid were exposed for 1 h to 0.5 % (w\v) hyaluronidase (type V ; Sigma). After rinsing, the sections were blocked with 1 % (w\v) BSA in PBS. Samples were incubated with a rabbit polyclonal antibody either to human type II collagen (Institut Pasteur, Lyon, France) or to mouse type I collagen (Chemicon International Inc., Temecula, CA, U.S.A.) for 2 h, followed by FITC-conjugated goat anti-rabbit secondary antibody (Biosys, Compiegne, France). Control sections were incubated in 1 % (w\v) BSA in PBS alone or in secondary antibody alone. Each step was performed at room temperature. The specimens were examined and photographed using a Zeiss Universal microscope equipped for epifluorescence.
Assays for type II collagen in transgenic mice
Skin samples of about 800 mg were taken from 4-week-old mice and washed twice with cold PBS containing 1 mM p-aminobenzamidine and 5 mM N-ethylmaleimide. The skin was pulverized in liquid N # and suspended in 10 vol. of 0.5 M acetic acid adjusted to pH 3 with HCl. The sample was digested with pepsin (1 : 20, w\w) at 4 mC for 24 h. The sample was centrifuged at 13 000 g for 2 h and the collagen in the supernatant was precipitated with 1 M NaCl. The pellet was washed with ice-cold water and resuspended in 50 mM Tris\HCl (pH 7.4), 1 M NaCl, 0.02 % (w\v) NaN $ . The collagen was assayed with a colorimetric assay (Sircoll Collagen Assay Kit ; Biocolor Ltd., Belfast, N. Ireland). The pepsin-digested collagen was dialysed against 75 mM Tris\HCl (pH 7.8), 2 M urea, 0.02 % (w\v) NaN $ , and chromatographed on an anion exchange column (QSepharose ; Pharmacia, Uppsala, Sweden) equilibrated in the same buffer. Proteins bound to the column were eluted with a buffer containing 1 M NaCl. Column fractions proteins were separated by SDS\PAGE, the gels were stained with Coomassie Blue and the bands were assayed by densitometry.
To prepare CNBr fragments, the bands identified as containing collagen α-chains were cut from the gel. The samples were cleaved with CNBr as described previously [9] and the CNBrpeptides were separated by electrophoresis on a 12.5 % polyacrylamide gel containing 0.5 M urea. Recombinant type II collagen [10] was used as a marker.
Synthesis and secretion of type I procollagen and type II procollagen by cultured skin fibroblasts from transgenic mice
Skin fibroblasts were prepared from 2-day-old BSG-2 transgenic mice by incubating minced pieces of mouse skin with Dulbecco's modified Eagle's medium supplemented with 10 % (v\v) fetalbovine serum in a 100-mm# cell culture dish. Confluent primary cultures were treated with trypsin and transferred to flasks (Falcon T-175). To collect proteins secreted into the media, the cell layer was washed with PBS and serum-free media containing 40 µg\ml -ascorbic acid phosphate (Mg salt, n-hydrate) (Wako, Japan) was added. After 24 h, 250 ml of media was collected from five flasks of cells. Proteins were precipitated with 176 mg\ ml of (NH % ) # SO % and the precipitate was collected by centrifugation at 15 000 g for 1 h. The pellet was suspended in 0.1 M Tris\HCl (pH 7.4), 0.4 M NaCl, 25 mM EDTA, 0.02 % (w\v) NaN $ . The proteins were concentrated to a final volume of 0.5 ml by ultrafiltration (ULTRAFREE2-MC ; Millipore, Bedford, MA, U.S.A.) with an exclusion size of 100 kDa. Procollagens were analysed by Western blot using rabbit polyclonal antibodies to the C-propeptide of the proα1(I) chain of type I procollagen (gift of Dr Larry Fisher, National Institute of Dental Research, National Institutes of Health, Bethesda, MD, U.S.A.) or guinea pig polyclonal antibodies to the C-telopeptide of the proα1(II) chain of human type II collagen [4, 11] . The secondary antibodies were anti-rabbit or anti-guinea pig IgG, conjugated to horseradish peroxidase (Sigma). The protein bands were detected by chemiluminescence (ECL2 ; Amersham, Arlington Heights, IL, U.S.A.). Inappropriate expression of the COL2A1 gene
Northern-blot assays
Poly(A)-enriched RNA was isolated from mouse cultured skin fibroblasts using oligo-dT cellulose from a commercial kit (FastTrack 2.0 Kit ; Invitrogen, San Diego, CA, U.S.A.). To prepare Northern blots, 2 µg of the poly(A)-enriched RNA were loaded per lane. After electrophoresis, the RNA was transferred on to a nylon filter (Hybond-Nj ; Amersham). To prepare a probe, genomic DNA from human skin fibroblasts was amplified by PCR using the primers Anti-1 (CTG TTA TCG AGT ACC GGT CAC AG) and Anti-2 (GAT CAC TCA GAT TGA TCG TGT GC). The 1017 bp PCR product began with nucleotide 26 in exon 52 of the COL2A1 gene and extended 895 bp beyond the codon for termination of translation. In addition to the sequences indicated, the 5h-end of Anti-1 contained four random nucleotides followed by a site for the restriction enzyme BamHI. The 5h-end of Anti-2 contained four random nucleotides followed by a site for the restriction endonuclease HindIII. The PCR products were digested with BamHI and HindIII and cloned into a plasmid vector for RNA synthesis (pGEM-7Zf(j) ; Promega, Madison, WI, U.S.A.). To generate the RNA probe, the plasmid was linearized with SacI and a T7 RNA polymerase was used (Riboprobe In Vitro Transcription System ; Promega). To label the product, the reaction was carried out with undiluted $#P-labelled αCTP (3,000 Ci\mmol ; NEN-DuPont, Boston, MA, U.S.A.). Hybridization was performed according to manufacturer's protocol (Promega).
Transcription and translation of COL1A1-COL2A1 in vitro
To prepare the cDNA construct for the hybrid gene, mRNA was isolated from cultured skin fibroblasts from transgenic line BSG-2. The mRNA was reverse transcribed using random hexamers (Superscript Preamplification System : Gibco BRL). The 5h-half of the cDNA was first amplified with the primer pair M1F (5h-GAC GGG AGT TTC TCC TCG GGG TCG G) and 32-R (5h-AGA TGC ACC TTT GGG ACC ATC AGT), followed by re-amplification with the nested primer pair, Sph-F (5h-GGA GAG CAT GCA AAG AGT CTA CAT GTC TAG GGT C) and Bam-R (5h-CAC GAG GCC AGG GGA TCC AGC TTC ACC GGG AAC), to generate a 1925 bp product extending from the 5h-untranslated region of COL1A1 to exon 30 of the cDNA for COL2A1. The second half of the cDNA was first amplified with the primer pair F24 (CTT CCT GGA GCC CGG GGT CTC ACT) and IH48 (5h-TCA GGT CAG CCT TTC AGT GC), followed by re-amplification with the nested primer pair, Bam-F (GTT CCC GGT GAA GCT GGA TCC CCT GGC CTC GTG) and Kpn-R (5h-GTA CTT GGT ACC TTT GGG TTT GCA ACG G), to generate a 2448 bp product extending from exon 30 to the 3h-untranslated region of the cDNA for COL2A1. SphI, BamHI or KpnI restriction sites were added to the 5h-ends of the nested primers to facilitate ligation of the two halves of the cDNA.
To enhance translation efficiency of the cDNA construct, the pSPUTK vector (Stratagene) was modified by the addition of a SacI-EcoRI fragment containing a poly(A) tail from the pSP64 vector (Promega). The construct for in itro transcription\ translation was assembled by restriction digestion of the PCR products followed by a three-way ligation into the modified pSPUTK vector. The cDNA construct was sequenced by automated instrumentation using vector-specific and internal primers (ABI PRISM 377 Sequencer, and ABI PRISM Dye Terminator Cycle Sequencing Ready Kit with AmpliTaq DNA polymerase, FS, Perkin Elmer). Coupled transcription\translation of the construct in itro was performed using 1 µg of circular plasmid with SP6 polymerase in a 50 µl reaction mixture, according to manufacturer's protocol (TNT Coupled Reticulocyte Lysate System ; Promega). Translation products were analysed by Western blotting as described above.
RESULTS
Level of mRNA from the hybrid COL1A1-COL2A1 gene in transgenic mice
Previously, two independent lines of transgenic mice were prepared with the COL1A1-COL2A1 hybrid construct [3] . In the present study, two additional lines were prepared. To assay mRNA expression of the transgene, a quantitative RT-PCR assay was used in which one primer was specific for exon 1 of both the human and mouse COL1A1 genes, a second primer was specific for exon 2 of the mouse Col1a1 gene and a third primer was specific for exon 6 of the human COL2A1 gene [3] . The assay was linear over a ten-fold range when the ratio of transgenic mRNA to control (wild-type) RNA was varied from 0.1 to 1.0 ( Figure 1A) , and when the total amount of mRNA was varied from 1.2 to 3.8 µg (results not shown). The four cell lines expressed various levels of the construct as mRNA ( Figure 1B) . The values of human COL2A1 mRNA expressed as a percentage of mouse Col1a1 mRNA were 3.1 % in the BSG-1 line and 35-45 % in the BSG-2 line. Previously, values of 5.0 and 30 % were reported for these two lines respectively [3] . The values for the two new lines were 12 % for BSG-3 and 30 % for BSG-4. Cultured skin fibroblasts were prepared from the BSG-2 line and control mice, and poly(A)-enriched RNA was analysed by Northern blotting using an antisense cRNA probe for type II procollagen. Type II procollagen mRNA was detected at high levels in skin fibroblasts from the line BSG-2, but no signal was detected in the control skin fibroblasts (results not shown).
The mice from the BSG-1, BSG-2 and BSG-3 lines did not display any gross phenotype ; they were normal in appearance, size, growth rate, behaviour and mating patterns. The mice from the line BSG-4, however, demonstrated a spontaneous circling behaviour. The transgene mRNA expression levels in the BSG-4 line were lower than in the BSG-2 line, which did not produce the circling phenotype ; therefore the circling phenotype was probably produced by an insertion-site mutation. Heterozygous mice of the BSG-4 line circled 1-2 times\s in 15 s bursts, followed by a pause of a few seconds. Two homozygous mice from the BSG-4 line, obtained from matings of heterozygous mice, circled and also exhibited severe gait disturbances. Both were about half the size of littermates and they died at 20-22 days of age.
Morphology of transgenic connective tissues
Transmission electron microscopy of several transgenic mouse tissues indicated that collagen fibrils were normal in morphology. Essentially, no discernible differences in diameter were detected between specimens from transgenic mice and controls. The large fibrils (up to 450 nm in diameter), observed in tendon from transgenic (Figures 2A and 2B ) and wild-type mice ( Figures 2C  and 2D ), were characteristic of normal type I collagen. Likewise, the small fibrils (20 nm in diameter) of type II collagen, seen in cartilage from transgenic mice ( Figure 2F ), were similar to normal fibrils of type II collagen in controls (results not shown). Inappropriate expression of the COL2A1 gene Also, type I collagen fibrils in skin ( Figure 2E ) and perichondrium ( Figure 2G ) from transgenic mice were the same as normal type I collagen fibrils in controls (results not shown). In addition, electron microscopy of cultured skin fibroblasts from the transgenic mice did not reveal any distention of the cisternae of the rough endoplasmic reticulum or other morphologic changes (results not shown).
Hybridization in situ for mRNA expression
Hybridization in situ with a probe that cross-reacted with both mouse and human mRNA for type II procollagen demonstrated that the hybrid COL1A1-COL2A1 gene in the BSG-2 line was expressed as mRNA in the same cells as the endogenous Col1a1 gene. The level of the human COL2A1 mRNA in odontoblasts of transgenic mice ( Figure 3C ) was roughly equal to the endogenous mouse Col1a1 mRNA ( Figure 3B) . Similarly, mRNA from the hybrid COL1A1-COL2A1 gene was seen in the same regions of skin from transgenic mice as mRNA from the endogenous Col1a1 gene, with particularly high levels of mRNA in the upper layer of the dermis (results not shown). In addition, COL2A1 mRNA was highly expressed in fibroblasts surrounding vibrissae. Sections of the head (Figure 4 ) indicated that COL2A1 mRNA from the hybrid COL1A1-COL2A1 gene co-localized with mRNA from the endogenous mouse Col1a1 gene in the bone of the mandible (Figures 4E and 4F) . Also, endogenous Col2a1 mRNA was detected only in cartilage of control mice ( Figure 4B ), whereas mRNA from the hybrid COL1A1-COL2A1 gene was detected in both cartilage and bone of transgenic mice ( Figure 4C ). Endogenous Col1a1 mRNA was present in bone of both transgenic ( Figure 4E ) and control mice (results not shown). The cDNA probe for proα1(II) mRNA did not cross-react with mRNA from the Col1a1 gene, since COL1A1-COL2A1 mRNA was not detected in odontoblasts ( Figure 3F ) or bone ( Figure 4B ) of control mice.
Localization of type I and type II collagen by immunofluorescence
An attempt was made to detect type II procollagen in tissues rich in type I collagen by immunohistochemistry. There was little evidence of inappropriate expression of the protein ( Figure 5 ). There was a slight staining of dermis with antibodies to type II collagen ( Figure 5B ), but there was also some non-specific labelling in control samples ( Figure 5C ). Also, type II collagen was readily detected in xiphoid cartilage ( Figure 5E ) but not in the xiphoid perichondrium, which was readily stained for type I collagen ( Figure 5F ).
Analysis of skin for the presence of type II collagen
Because type II collagen was not detected in tissues synthesizing type I by immunohistochemistry but had been detected previously by Western-blot assays [3] , an attempt was made to assay chemically the amount of type II collagen in skin. Collagens were extracted from the skin of transgenic and normal mice by pepsin digestion. Collagen α1(II) chains co-migrate with α1(I) chains in SDS\PAGE gels and, therefore, can be detected in samples containing type I collagen as an increase in the expected 2 : 1 ratio of α1\α2 chains [11] . No increase in the ratio was detected by densitometry of the gels from the transgenic mice ( Figure 6 ). The collagens were purified by ion-exchange chromatography (QSepharose ; Pharmacia) under conditions in which type I collagen was recovered in the void volume and type II collagen, along with the homotrimeric form of type I collagen, were eluted with 1 M NaCl (A. Fertala, unpublished work). Densitometry of the α1\α2 chain ratio in the eluted peak indicated that α1(II) chains of type II collagen were present in the sample from the transgenic mouse. However, the amount of type II collagen was less than 2 % of the amount of type I collagen recovered from the column.
To confirm the presence of a small amount of type II collagen in the eluted peak, the band of α1 chains in the eluted fraction (lane 3 in Figures 6A and 6B ) was digested with CNBr, and the peptides recovered from transgenic mice (lane 4 in Figure 7 ) included characteristic fragments from α1(II) chain of type II collagen not found in CNBr peptides from a control mouse (lane 3 in Figure 7 ).
Structure and translation in vitro of mRNA from cultured skin fibroblasts
To search for mutations that might prevent translation, mRNAderived cDNA was prepared from cultured skin fibroblasts from the BSG-2 line of the transgenic mice. The cDNA was cloned and a clone containing the COL1A1-COL2A1 sequences was sequenced. The cloned cDNA was 4.4 kb and extended from 29 bp upstream of the initiation codon to 54 bp beyond the termination codon. The additional sequences between the termination codon and the polyadenylation site were analysed by sequencing an RT-PCR product prepared with primers of random hexamers. No mutations from the wild-type sequence Protein from the coupled reticulocyte lysate system was separated by PAGE, electroblotted and the blot was reacted with a polyclonal antibody specific for the C-telopeptide of human type II collagen. Lane 1, protein extracted from tail of a BSG-2 mouse ; lane 2, 10 µl of the reaction mixture from the transcription/translation system incubated with 1 µg of mRNA-derived cDNA from skin fibroblasts from the BSG-2 line ; lane 3, negative control consisting of 10 µl of reaction mixture incubated without added cDNA. [12, 13] were found. Also, the cDNA clone containing the COL1A1-COL2A1 sequences was transcribed and translated in a coupled reticulocyte system into full-length proα1(II) chains of type II procollagen (Figure 8 ).
DISCUSSION
Because of the distinct differences in the tissue distribution and in the structure and function of type II and type I collagen [14, 15] , we expected that an obvious phenotype would be produced in transgenic mice expressing the human COL2A1 gene in tissues which normally contain large amounts of type I collagen but no type II collagen. However, no gross or microscopic changes in the matrix were observed, even in the two lines of transgenic mice in which the levels of mRNA for type II procollagen were 30-45 % of the level of mRNA for proα(I) chains of type I procollagen. Previous studies with highlysensitive Western-blot assays in the BSG-2 transgenic line demonstrated that the inappropriately expressed mRNA was translated into low levels of type II procollagen and that the type II procollagen was processed to α1(II) and crosslinked α1(II) chains of type II collagen [3] . The results of the present study, however, indicated a marked discrepancy between the mRNA levels and the rates of protein synthesis. No type II collagen from the exogenous gene was detected by immunofluorescence of tissues, and less than 2 % of the total collagen in transgenic mouse skin was type II collagen. However, the type II collagen recovered from mice was triple-helical, since it resisted pepsin digestion. Also, it generated the correct pattern of cyanogen bromide fragments. The results, therefore, demonstrated that no phenotype was produced in the transgenic mice, because there was a selective down-regulation of inappropriate synthesis of type II procollagen in cells that had high steady-state levels of the homologous mRNAs for both type I and type II procollagen.
The results here are surprising because the same hybrid COL1A1-COL2A1 gene used to prepare the transgenic mice was shown previously [4] to cause synthesis and secretion of triplehelical type II procollagen in stably transfected mouse NIH 3T3 Received 19 July 1999/5 October 1999 ; accepted 10 November 1999 fibroblasts that synthesize type I collagen. The integrity of the transgene was further verified, in the present work, by demonstrating that the mRNA for type II procollagen, expressed in the transgenic mice, had the wild-type sequence. Also, the mRNA-derived cDNA from the transgenic mice was translated into proα1(II) chains of type II procollagen in a coupled in itro transcription\translation system.
The highly selective post-transcriptional regulation found in the present study is analogous to observations in several other systems. In ferritin-sensitive cells, translation of a series of mRNAs is post-transcriptionally regulated by the binding of iron to iron-responsive elements in the 5h-ends of the RNA transcripts [16] . In tumour cells, translation of mRNA for vascular endothelial growth factor is down-regulated by overexpression of the tumour suppressor gene for von Hippel-Lindau disease [17] . During cell proliferation, the levels of mRNAs for several annexins remain constant, but translation of the mRNAs varies about 2-fold during the S-and G % M-phases [18, 19] . Except for the iron response in ferritin-sensitive cells, the mechanisms of translation regulation in these systems has not been defined. The results of the present study provide another intriguing example of post-transcriptional regulation.
